To provide an economically viable and environmentally sound method for disposing of spent laying hens, we manufactured a proteinaceous meal from the hard tissue fraction of mechanically deboned laying hens (primarily feathers, bones, and connective tissue). We hydrolyzed the hard tissue and coextruded it with soybean hulls to create a novel feather and bone meal (FBM) containing 94.2% DM, 23.1% CP, 54.5% NDF, and 7.3% fat (DM basis). We evaluated the FBM in supplements for meat goats in which it provided 0, 20, 40, or 60% of the N added to the supplement compared with a negative control supplement with no added N source. The remainder of the N was contributed by soybean meal (SBM). Supplementation of N resulted in greater DMI than the negative control (P = 0.005), and DMI changed quadratically (P = 0.11) as FBM increased in the supplement. Digestibility of DM was similar in all diets, including the negative control (P > 0.10). Fiber digestibility increased linearly as dietary inclusion of FBM increased (P = 0.04 for NDF, P = 0.05 for ADF), probably as a result of the soybean hulls in the FBM. Nitrogen digestibility declined linearly from 60.5% with 0% FBM to 55.6% with 60% FBM (P = 0.07), but N retention changed by a quadratic function as FBM replaced SBM (P = 0.06). Negative control goats had less N digestibility (P < 0.001) and N retention (P = 0.008) than N-supplemented goats. Feather and bone meal had a greater proportion of ruminally undegradable B 3 protein than SBM (23.1 vs. 0.3% of CP, respectively). Ruminal VFA and pH were unaffected by replacing SBM with FBM, but supplying no source of N in the concentrate resulted in reduced total VFA in ruminal fluid (P = 0.04). Ruminal ammonia concentration increased quadratically (P = 0.07) as FBM increased, reflecting increased intake, and it was much less in unsupplemented goats (P < 0.001). Serum urea had less variation between 0 and 4 h after feeding in goats receiving 40 or 60% of added N as FBM in comparison with those receiving only SBM or 20% FBM. Feather and bone meal promoted a more stable rumen environment, possibly because of reduced rates of protein degradation within the rumen. A palatable by-product meal for ruminants can be made from spent laying hen hard tissue, one that supports N metabolism similar to that of traditional protein sources.
INTRODUCTION
As in any industry, egg producers must balance input with output to maintain optimum profitability. When the economic value of egg yield in egg-laying operations no longer exceeds the input costs, producers terminate the flock of hens, and the "spent" hens are disposed of. More than 144 million spent layers are removed annually from production (Lyons and Vandepopuliere, 1996) . Low white meat yield (166 g per bird; Middleton, 2000) coupled with increasing transportation and processing costs makes directing these hens into the human food chain increasingly difficult. The combined costs of transporting spent laying hens from the farm to a processing facility, exsanguination, depluming, evisceration, and deboning often exceed the value of the edible meat yield (Aho, 1999) ; therefore, finding methods of disposal that minimize nutrient and biohazard emissions into the environment while yielding residual value to the poultry producer is a great challenge.
Conversion of food production waste materials into value-added feedstuffs is often an economically and environmentally feasible means of solving disposal problems. Using spent hens to generate proteinaceous animal feed ingredients can eliminate the need for exsanguinating, depluming, and eviscerating the birds. Novel application of existing processing methods to spent hens Determination of nitrogen balance in goats fed a meal produced from hydrolyzed spent hen hard tissues may help improve the sustainability and economic outlook of laying hen operations. The processing technologies of mechanical deboning, hydrolysis, and extrusion are potential options for processing whole hens. Mechanical deboning would result in the production of 2 fractions: mechanically deboned meat and hard tissue residues composed mainly of bones, feathers, and connective tissue. Neither of these products would be suitable for human consumption; however, the mechanically deboned meat can be further processed into a low-ash protein by-product meal for nonruminant diets through coextrusion or traditional rendering, whereas the hard tissue fraction could be processed by steam hydrolysis and extrusion into a proteinaceous meal for livestock. Evaluations of such a meal for 1) the efficacy of processing hen hard tissue by hydrolysis and coextrusion with soybean hulls and 2) the acceptability and feeding value of this meal in diets for growing meat goats were the objectives of the research reported herein.
MATERIALS AND METHODS
The experimental procedures used on both hens and goats were approved by the Institutional Animal Care and Use Committee at North Carolina State University (NCSU, Raleigh, NC).
Production of Feather and Bone Meal
A group of 1,000 Leghorn-type hens were transported to the Animal and Poultry Waste Management Center at NCSU (Raleigh, NC) and killed by cervical dislocation. The hen carcasses were then fractionated by a commercial deboning device (Model RSTD06, Beehive, Sandy, UT). The mechanically deboned meat was directed to a separate project. The hard tissue was frozen and stored at −23°C for further processing at a later date.
Before hydrolysis, 29.2 kg of thawed hard tissue was mixed with 16.3 kg of water to yield a product with approximately 70% moisture. This product was heat-and pressure-processed by using a pilot-sized hydrolyzer (133-L capacity, Anco-Eaglin Inc., Greensboro, NC) at 121°C and 207 kPa for 45 min, followed by drying in the hydrolyzer for 25 min to yield 30 kg of material at 46% DM. The hydrolyzed material was blended to uniformity with 57.7 kg of soybean hulls by using a variablespeed, double-ribbon mixer (manufactured by NCSU Department of Agricultural Engineering, Raleigh, NC), resulting in an interim product blend containing 28.2% DM.
The interim product blend containing soybean hulls and hydrolyzed hard tissue was further processed through a dry extruder (Model 2000R, Insta-Pro International, Des Moines, IA) with single-flight augers and a 0.95-cm nose cone. Upon exiting the extruder, the material, now termed feather and bone meal (FBM), was 113°C and contained 80.8% DM. The FBM was allowed to cool and air-dry overnight under ambient conditions. Subsequent drying in a forced-air oven (48 h at 55°C) and 48-h air equilibration yielded 56.0 kg of FBM containing 92.6% DM. It was stored in plastic containers at −15°C until evaluated as a feed ingredient for goats.
Goat N-Balance Trial
Experimental Diets. Experimental supplements based on corn and soybean meal (SBM) were formulated according to NRC (1981) to achieve 100 g/d of gain when fed as 50% of the total diet. The remainder of the diet was provided as Eastern gamagrass hay [Tripsacum dactyloides (L.) L.] harvested in a single batch from a field at NCSU (90.3% DM, 96.6% OM, 9.4% CP, 77.8% NDF, and 39.9% ADF, DM basis). A negative control supplement was formulated with corn (10.3% CP, DM basis) as its primary source of N (0 AN; Table 1 ) along with a positive control containing its entire quantity of added N as SBM. Three additional supplements contained FBM as a replacement for 20, 40, or 60% of added N (20 FBM, 40 FBM, and 60 FBM, respectively).
Treatment of Animals. Thirty weanling Boer (≥75%) × Spanish cross wether goats were selected from the NCSU herd and moved to the NCSU Metabolism Educational Unit (Raleigh, NC) for adaptation to the experimental diets. They were group-penned initially and offered 1.5% of group BW daily as commercial, pelleted supplement and 2% of group BW daily as gamagrass hay. Free-choice access to water and limited pasture were available.
Once the goats had acclimated, dietary adaptation to a sugarcane molasses coating on the supplement began; the content increased 1% (wt/wt) every other day until it reached 3% (wt/wt) with the pellets, and this amount continued throughout the trial. Dietary adaptation continued by blending the 60 FBM pelleted supplement with the commercial product (25% with 75% by wt, respectively). The proportion of 60 FBM supplement increased by 25 percentage points every fourth day until the supplement offered was 100% 60 FBM (total of 22 d for adaptation). The supplement was accepted well by the goats, with the exception of 1 goat that refused to eat pellets having a molasses coating. Once adapted to the 60 FBM supplement, 25 goats were selected for a N-balance trial (22.8 ± 2.0 kg of BW). The wethers were stratified by BW and assigned to BW blocks (the 5 heaviest in 1 block, the next 5 heaviest in 1 block, etc.). They were placed into metabolism crates to complete a randomized, complete-block trial. Subsequent treatment for internal parasites (1 mg of moxidectin/kg of BW as a single-dose oral drench; Cydectin, Fort Dodge Animal Health, Fort Dodge, IA; and 0.12 mL of amprolium/L of drinking water for 5 d; Corid, Merial Ltd., Duluth, GA) reduced fecal egg counts to <450 eggs/g of feces. Application of Co-Ral dust (1% coumaphos, AgriLabs, St. Joseph, MO) eliminated lice.
Feeding and N-Balance Sampling. Once goats were placed into metabolism crates, daily feed was initially an amount equal to 3.0% of their individual BW of a diet consisting of 50% gamagrass hay and 50% 60 FBM supplement. They were transitioned to their randomly assigned treatments over a 4-d period. Once the animals were receiving 100% of their assigned treatments, total feed was offered at a rate to obtain 15% total feed refusals and intake was considered to be ad libitum. Supplements were offered 30 min before hay to allow their consumption before hay addition to reduce wastage. By the end of a 12-d adaptation period, intake amounts had reached a plateau for the majority of the goats, and from this point on, they were fed a constant amount of feed equal to 115% of the average intake for the last 5 d of the 12-d ad libitum period.
Fecal collection bags were placed on the goats at the initiation of the constant feeding period. After a 3-d adaptation to the collection bags, total feces and urine were collected for 5 d. Fecal collection bags were emptied twice daily and the contents were weighed once daily. The total feces were sampled at percentages established on the first day of the collection for individual goats based on total fecal output, an estimated fecal DM content of 40%, and to obtain approximately 100 g of total DM from each goat over the 5-d collection. The fecal samples were composited daily into containers in a forced-air oven at set at 55°C. After d 5 additions for the collection, the feces were allowed to dry for an additional 48 h, after which they were air equilibrated for 48 h and then weighed for air-equilibrated DM determination. Dry samples were placed in sealed plastic bags and stored for later laboratory analysis.
Urine was acidified by the addition of 10 to 30 mL of 6 M HCl to the collection vessels to maintain pH between 3 to 5 as determined with pH paper (pHydrion 1 to 12, Micro Essential Lab, Brooklyn, NY).
Additionally, 100 mL of deionized water was added to the collection vessels to minimize the crystallization of urinary compounds sensitive to low pH. Total urine was removed from the collection vessels daily. Weight and volume of the acidified urine were determined and a sample was obtained by weight. The percentage of the total urine saved also varied by animal and was established on d 1 of the collection period, was set to yield 50 g of urine, and remained constant for the 5-d collection. Urine samples were composited, frozen, and stored at −10°C for later laboratory analysis.
In addition to fecal and urinary samples, feed samples (100 g/d) were collected and feed refusals were saved quantitatively and composited. Samples of the feed refusals were taken at the end of the 5-d period. Feed and feed refusal samples were placed into a forcedair oven at 55°C and dried for 48 h. After a 48-h airequilibration period, the samples were weighed for DM determination.
Ruminal Fluid and Blood Sampling. After total excreta collection was completed, the goats were fed in 15-min intervals by BW block. On the second day of staggered feeding, jugular blood samples were collected into untreated 10-mL Vacutainer tubes (Becton Dickinson and Co., Franklin Lakes, NJ) with 20-gauge × 2.5-cm hypodermic needles at 0, 2, 4, and 8 h after feeding. All blood samples were placed on ice during the collection period and subsequently allowed to clot at room temperature (approximately 22°C) for 30 min before centrifugation at 1,470 × g for 30 min. The serum obtained was stored at −10°C until analyzed.
Ruminal fluid was obtained by rumenocentesis 2 h after feeding as described by Nordlund and Garrett (1994) and modified for goats by using 14-gauge × 5-cm needles with no local anesthesia. A minimum of 5 mL of fluid was withdrawn from each goat. Ruminal fluid pH was determined immediately upon sample removal by using a portable pH meter (Accumet AP63, Fisher Scientific, Pittsburgh, PA), after which samples were placed on ice. The ruminal fluid obtained was stored at −10°C until analyzed.
Laboratory Analysis. Feed, ort, and dry fecal samples were ground in a Model 4 Wiley Mill (Arthur H. Thomas Co., Philadelphia, PA) to pass through a 1-mm screen. Dry matter (105°C for 12 h), ash (600°C for 12 h), and Kjeldahl N were determined according to AOAC procedures (AOAC, 1995) . Concentrations of NDF and ADF were determined with α-amylase as described by Van Soest et al. (1991) modified for use with a fiber analyzer (Model 200, Ankom Technology, Macedon, NY). Protein fractions were determined on the FBM, SBM, and supplement pellets by procedures recommended by Licitra et al. (1996) . Nonprotein N was determined by the subtraction of trichloroacetic acid-precipitated N from total N. Soluble N was calculated by subtracting borate-phosphate buffer insoluble N from total N. Neutral detergent insoluble N and ADIN were determined by refluxing samples in neutral or acid detergent solutions before N analysis. Lipid concentrations were determined by Dairy One Laboratories (Ithaca, NY) using ether extraction by a Soxtec HT6 System (Foss Tecator AB, Höganäs, Sweden) with anhydrous diethyl ether.
Urea in serum and urine was determined colorimetrically by an automated, diacetyl-monoxime method (Marsh et al., 1965) . Total urinary Kjeldahl N was determined as per AOAC (1995) .
Concentrations of VFA were determined in ruminal fluid by using a Varion 3800 gas chromatograph (Varian Chromatography Systems, Walnut Creek, CA) with a Nikol fused-silica capillary column (15 m; 0.53 mm i.d.; 0.5-µm film thickness; Supelco, Bellefonte, PA). Ruminal ammonia was determined by the colorimetric procedure used for Kjeldahl N (AOAC, 1995).
Statistical Analysis. Statistical analysis of data was by PROC GLM (SAS Inst. Inc., Cary, NC) for all variables except serum urea. The model included class variables of treatment and BW block (replicate). Replicate had an impact only on intake, but this was expected because the animals were blocked by BW. When intake was expressed as a percentage of BW, the replicate effect was eliminated. Replicate remained in the model; however, only treatment differences are presented. Orthogonal contrasts between the 0 AN and N-supplemented diets and among the N-supplemented diets were conducted. There were no cubic effects (P > 0.18), so those P-values are not shown. Serum urea was analyzed by PROC MIXED of SAS using the Toeplitz covariance structure. Class variables were replicate, treatment, and time. The model included treatment, time, and their interaction. Serum urea N was the independent variable, replicate × treatment determined the subject effect, and time was a repeated measure.
RESULTS

Production of FBM
The FBM used in the goat trial was golden colored, with the slight odor of cooked poultry. The texture was similar to soybean hulls and presented no palatability problems when incorporated into livestock feed. Selected proximate analysis variables of the FBM, the SBM, and the 5 experimental supplements are listed in Table  2 . The FBM was similar to SBM in NPN (a fraction rapidly degraded in the rumen) and greater in buffersoluble true protein (B 1 fraction, rapidly degraded in the rumen). Soybean meal was much greater in neutral detergent-soluble protein (B 2 fraction, moderate degradation rate in the rumen) than FBM, but FBM had more neutral detergent-insoluble protein (B 3 fraction, slowly degraded in the rumen) than SBM. The FBM was also greater in the acid detergent-insoluble and largely indigestible C fraction than the SBM.
Goat N-Balance Trial
When hay and supplements were fed to the goats, the total diets contained 9.2, 13.0, 12.5, 12.7, and 12.7% CP (0 AN, positive control, 20 FBM, 40 FBM, and 60 FBM, respectively). As formulated, the 0 AN diet contained less CP than the N-supplemented diets.
Dry matter intake was less in the unsupplemented goats than in the supplemented goats (P = 0.005; Table  3 ). There was a trend (P = 0.11) for DMI to increase quadratically as dietary FBM inclusion increased; however, DM digestibility did not vary among treatment groups. The digestibilities of NDF and ADF were similar among the supplemented and unsupplemented Fractions: A = NPN (rapidly degraded in the rumen); B 1 = buffer-soluble true protein (rapidly degraded in the rumen); B 2 = neutral detergent-soluble protein (moderate degradation rate in the rumen); B 3 = neutral detergent-insoluble protein (slowly degraded in the rumen); C = acid detergent-insoluble protein (largely indigestible).
Nitrogen balance in goats fed feather-bone meal goats. Both NDF and ADF digestibilities increased linearly (P = 0.04 and 0.05, respectively) as the dietary FBM inclusion amount increased.
As anticipated, N intake was less in the 0 AN treatment group than in the other groups (P < 0.001; Table  4 ). Within the supplemented treatment groups, N intake increased quadratically (P < 0.01). Fecal N followed a similar pattern, with fecal N excretion being less in unsupplemented goats than in the supplemented ones (P < 0.001), and fecal N increasing linearly as dietary FBM inclusion increased (P < 0.05).
Intake and excretion of N contributed to quadratic increases in N absorption (P < 0.01; Table 4 ) among supplemented goats. Nitrogen absorption in the unsupplemented goats was only about one-half that of supplemented goats (P < 0.001). Digestibility of N declined linearly as FBM increased in the feed (P = 0.07) and was least in goats that did not receive supplemental N in their feed (P < 0.001).
Urinary N excretion rates (Table 4) were similar among supplemented goats (P > 0.10) and were less in goats that did not receive supplemental N in their diets (P < 0.001). This led to quadratic increases in N retention in the animals receiving supplemental N (P = 0.06), with the least retention being observed in goats consuming the 20 FBM diet. Nitrogen retention was less in unsupplemented goats as compared with those receiving added N in their feed (P = 0.008). Retained N as a percentage of absorbed N was similar for all treatment groups (P > 0.10).
Urinary N present as urea (Table 4 ) was less in the 0 AN goats than in supplemented goats (P < 0.001). It was similar in all the supplemented treatment groups (P > 0.10). A similar pattern emerged when urinary N present as urea was expressed as a percentage of total urinary N (%UUN), with unsupplemented goats having smaller %UUN than supplemented goats (P < 0.001) and supplemented goats having similar %UUN.
Few ruminal variables were influenced significantly by treatment (Table 5 ). Ruminal NH 3 was less in unsupplemented than in supplemented goats (P < 0.001). It responded quadratically (P = 0.07) to the amount of FBM in the diet, with reduced amounts occurring with the 20 and 40 FBM supplements. Total VFA concentration was less in goats receiving no supplemental N source than in goats receiving supplemental N (P = 0.04) and was similar among supplemented goats (P > 0.10). Molar proportions of VFA did not vary with treatment (P > 0.10), with the exception of valerate, which increased linearly as FBM increased in the supplement (P = 0.01).
There was a trend for a time × treatment interaction (P = 0.10) in serum urea. The goats fed 0 AN had less serum urea than their N-supplemented peers at all times (Table 6 ). Serum urea declined over the 8-h measurement period in all treatment groups; however, Table 3 . Dry matter intake and DM, NDF, and ADF digestibility by goats (5 animals/treatment) fed diets containing feather-bone meal (FBM) it did so at varying rates for the different treatment groups.
DISCUSSION
Production of FBM
Both hydrolysis and extrusion are processes that involve heating ingredients with the goals of improving digestibility and reducing pathogen load (Tadtiyanant et al., 1993) . Our hydrolysis conditions for the raw FBM were similar to those used in commercial facilities for producing feather meal (Kevin Custer, American Proteins Inc., Cumming, GA, personal communication), and our preliminary data suggested an improvement in pepsin digestibility from 74 to 85% as a result of hydrolysis (S. R. Freeman, unpublished data). Material exited the extruder at 113°C, exceeding the FDA guideline of 110°C (Food and Drug Administration, 1980) for production of rendered products with an acceptably low pathogen content. Although we did not test our FBM for pathogens, we assumed it would therefore be safe as a feed ingredient.
Our final FBM product blended well within the supplement mixtures, with flow qualities similar to soybean hulls. It contributed a smaller percentage of CP than more traditional sources of protein, such as SBM; however, it also contributed larger amounts of fat and fiber, potentially providing a better balance of protein and energy. Additionally, the protein within the FBM had a greater proportion of B 3 fraction than the SBM. This protein would largely escape degradation within the rumen and be available for digestion in the lower gastrointestinal tract of ruminants, making FBM superior to SBM as a source of ruminal escape protein.
The negative values obtained for the B 1 fraction in the 0 AN pellets were not biologically possible. This anomaly in the data was the result of the analyzed amount of NPN present in these feeds being greater than the calculated amount of soluble true protein present. Soluble true protein values were obtained by subtracting the amount of insoluble CP (which was assumed to be all true protein) and NPN from total protein. It may therefore have contained errors caused by the presence of insoluble NPN compounds. An overestimation of insoluble true protein would result in an underestimation of soluble true protein. When the NPN and soluble true CP fractions are similar in size, the calculation of soluble true protein (CP − insoluble CP − NPN) may result in a negative number if insoluble protein is overestimated. Table 6 . Changes in serum urea N (mM) over time after feeding goats diets containing graded amounts of feather-bone meal (FBM) Means within a row with differing superscripts differ (P < 0.05).
e-g
Means within a column with differing superscripts differ (P < 0.05).
1 0 AN: no added N source.
Nitrogen balance in goats fed feather-bone meal
Goat N-Balance Trial
All diets were accepted well by the goats, as evidenced by similar DMI among goats receiving supplemental N. Evidently, FBM did not present palatability issues even when incorporated to provide 60% of added N. Intake as a percentage of BW in our trial was approximately 3.1% daily, slightly less than that reported by Moore et al. (2002) for goats of similar size and genetic background fed a variety of plant by-product feeds and housed in pens during fecal collections. Differences in hay quality and housing style likely influenced these differences. Dairy does fed hydrolyzed feather meal as their supplemental protein source had DMI similar to control does receiving SBM in their feed (Lu et al., 1990) . Likewise, a mixture of feather meal and blood meal supplying a portion of supplemental N did not affect DMI of lactating does when compared with meat meal (Andrighetto and Bailoni, 1994) . These results reinforce our supposition that rendered poultry products are feasible feedstuffs for goats.
Dry matter digestibility was similar among our treatment groups and slightly less than that reported by Andrighetto and Bailoni (1994) , who used dairy does receiving corn silage-based diets containing a mixture of feather meal and blood meal. Dietary differences (corn silage vs. grass hay) and the use of lactating dairy goats in place of meat goats could have contributed to the difference. Moore et al. (2002) reported DM digestibilities similar to ours when using meat goats offered hay and plant by-products as a supplement.
An inadequate supply of ruminally degradable protein is the most likely explanation for the reduced DMI observed among the goats fed 0 AN. Goats receiving the 0 AN diet consumed 7.6 g of N daily, which is more than the NRC (1981) maintenance recommendation of 6.1 g/d; however, ruminal NH 3 in this same group of animals was 3.0 mM, near the bottom of the range of 2.9 to 13.8 mM found in the literature and suggested as minimal for optimum ruminal fermentation (Satter and Slyter, 1974; Mehrez et al., 1977; Van Soest, 1994) . Because apparent total tract fiber digestibility was not reduced in this treatment group, the suboptimal NH 3 may have caused reduced fiber degradation rates in these goats, which in turn could have led to a reduced rumen passage rate and correspondingly reduced intake amounts.
The trend for a quadratic increase in DMI among the N-supplemented goats may have been the result of improvements in fiber digestion with these dietary treatments. Both NDF and ADF apparent digestibilities increased linearly as FBM increased in the diets. This was possibly due to the increased quantities of soybean hulls contributed by the FBM. Soybean hulls have been reported to be highly digestible, with IVDMD of 94.6% (Moore et al., 2002) , and they supported a DM digestibility similar to those obtained in our trial.
Nitrogen intake was dictated by DMI and CP content of the various supplements so that the goats fed 0 AN ate less N than supplemented goats. Quadratic increases were seen in N intake as FBM increased in the concentrates. The quadratic effect likely resulted from the variation in CP content of the supplements, which followed a pattern similar to the N intakes, with 20 FBM being less than the other diets. The goats fed 60 FBM had the greatest N intake as a result of their elevated DMI.
Fecal N excretion was least in the goats fed 0 AN because they had smaller N intakes than the goats receiving supplemented diets. The indigestible C protein was 4.5% of CP in the FBM as compared with 0.4% in SBM and therefore would increase in the diet as FBM concentrations increased. This explained the linear increase observed in fecal N among supplemented goats.
The amount of N absorbed by the supplemented goats increased in the same pattern as N intake, despite the increase in fecal losses as FBM increased in the diet. Nonetheless, N digestibility declined as FBM increased in the supplements along with the C protein fraction it contained. Fecal N was also reported to be increased in does receiving a feather meal and blood meal mix in their concentrate as compared with meat meal (Andrighetto and Bailoni, 1994) . The difference was explained on the basis of protein degradability and supported our results.
The lack of difference in urinary N excretion among supplemented goats was accompanied by a quadratic increase in N retention, with animals fed 20 FBM having the least retention rates. The reduced N quantity found in the urine of the unsupplemented goats was expected and reflected their reduced intake amounts. The value of 1.0 g/d of N retention supported the notion that even the 0 AN diet met the maintenance requirement of the goats for N.
The percentage of absorbed N retained was similar across treatments, suggesting that the protein in the diets was being utilized with similar efficiency and indicated that no one diet presented any advantage or disadvantage for N utilization. The retention percentages obtained in this trial were less than those we obtained in a previous trial with secondary protein nutrients as an N source (Freeman et al., 2008) but are within the range reported by Lindberg (1989) and Merkel et al. (2001) .
The %UUN can be an indicator of the overall N status of an animal. Archibeque et al. (2001) and Huntington et al. (2001) reported that increasing dietary N above the amount required by an animal led to increases in %UUN. The smaller N intakes of the unsupplemented goats were accompanied by smaller %UUN, which was in agreement with these statements. Likewise, similar N intakes among supplemented animals resulted in there being no differences in %UUN. Because the unsupplemented goats also had less ruminal NH 3 than those receiving supplemental N, the reduced %UUN found in the urine of the goats fed 0 AN suggested that they were recycling a greater proportion of N to the rumen instead of excreting it into the urine.
There were few treatment effects on the ruminal variables we examined. With reduced DM and N intakes, the reduced ruminal NH 3 in the goats fed 0 AN was expected. The lack of decrease in ruminal NH 3 among the FBM-supplemented goats suggested that the increased DMI might have partially offset the reduced degradability of the protein in the supplements containing FBM. An increase in N recycling to the rumen could also have contributed to this finding; however, increases in recycling were not supported by the %UUN data already discussed. Ammonia concentrations detected in our supplemented goats were similar in magnitude to those reported in other studies in which goats were fed different sources of rumen degradable protein (Andrighetto and Bailoni, 1994; Moore et al., 2002; Freeman et al., 2008) . Researchers who fed diets low in rumen degradable protein reported ruminal NH 3 concentrations that were intermediate to those we reported for supplemented and unsupplemented goats (Lu et al., 1990; Soto-Navarro et al., 2006) .
Total VFA concentrations in our goats likely reflected the differences in DMI and fiber degradation supported by the diets, because the goats fed 0 AN had reduced concentrations of total VFA as compared with the goats receiving supplemental N, which in turn had similar VFA concentrations. Total VFA concentrations were somewhat greater in our goats as compared with those reported in other studies (Lu et al., 1990; Andrighetto and Bailoni, 1994; Soto-Navarro et al., 2006) . Because all groups reported ad libitum intake, differences in dietary ingredients may have contributed to the differences in total VFA concentrations between experiments.
Among the individual VFA, only valerate responded to the dietary inclusion amount of FBM. The linear increase we detected could have been the result of increased DMI and the greater availability of precursors within the rumen.
Both dietary treatment and time of sampling played a role in determining serum urea. Ikuta et al. (2005) demonstrated that serum urea concentrations reflect ruminal NH 3 concentrations in dairy cattle. These findings supported our data because the goats fed 0 AN had the least ruminal NH 3 and the least serum urea. This finding also supported our urinary N excretion and %UUN data and may have been influenced by the increased recycling of N to the rumen. Goats on the supplemented diets had similar serum urea concentrations.
Goats on all the treatments had a similar pattern for change in serum urea over time. Serum urea for all treatment groups remained constant for at least 2 h and then decreased. The pattern we observed was not unusual for nutrients in blood after a meal. It was interesting to note that the animals receiving the 40 and 60 FBM supplements had more stable serum urea concentrations through 4 h after feeding than did the other treatment groups, suggesting a more gradual and sustained release of NH 3 into the ruminal environment.
This may have contributed to the improved fiber digestibility observed with increasing concentration of FBM in the supplement.
Our study demonstrated that whole, spent laying hens can be processed successfully into mechanically deboned meat and hard tissue. The hard tissue can be further processed by conventional hydrolysis and coextrusion with soybean hulls into a meal for use in ruminant diets. The meal successfully replaced SBM in supplements for meat goat wethers, supplying up to 60% of added N. Because the protein in the meal was less degradable in the rumen than the protein in SBM, diets containing the FBM product maintained a more stable ruminal environment and may have provided more protein for digestion in the small intestine. The opportunity to use whole, spent hens to produce both monogastric and ruminant feedstuffs would aid the poultry industry by providing an avenue for hen disposal that would potentially achieve both economic and environmental goals and would provide other animal industries with useful alternative feedstuffs.
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